Quantitative lytA real-time PCR (rtPCR) results from nasopharyngeal (NP) swabs distinguish community-acquired pneumococcal pneumonia (CAP) from asymptomatic colonization. The use of an optimized cutoff value improved pneumococcal etiology determination compared to that of traditional diagnostic methods. Here, we compare the utility of lytA rtPCR from induced sputum and from NP swabs. Pneumococcus was considered the cause of CAP in HIV-infected South African adults if blood culture, induced-sputum culture or Gram stain, urine antigen test, or whole-blood lytA rtPCR revealed pneumococcus or if lytA rtPCR from NP swabs gave a result of >8,000 copies/ml. lytA rtPCR was also performed on induced sputum. Pneumococcus was detected by lytA rtPCR from sputum in 149 (67.1%) of 222 patients with available induced sputum, whereas the results of either Gram stain or culture of sputum were positive in 105 of 229 patients (45.9%; P < 0.001). The mean copy numbers from sputum were higher when the sputum cultures were positive than when the sputum cultures were negative (7.9 versus 5.6 log 10 copies/ ml; P < 0.001). Against the composite diagnostic standard, a cutoff value of 10,000 copies/ml for good-quality sputum lytA rtPCR had a sensitivity of 78.1% and a specificity of 80.0%. This cutoff value performed similarly to the previously identified cutoff value of 8,000 copies/ml for NP swab lytA rtPCR (area under the curve receiver operating characteristic [AUC-ROC], 80.4% for sputum of any quality versus 79.6% for NP swabs). The AUC-ROC for good-quality sputum was 83.2%. Overall, lytA rtPCR performs similarly well on induced sputum as on NP swabs for most patients but performs slightly better if good-quality sputum can be obtained. Due to the ease of specimen collection, NP swabs may be preferable for the diagnosis of pneumococcal pneumonia.
S treptococcus pneumoniae is the leading etiology of communityacquired pneumonia (CAP) in adults (1) , including those in Africa (2) , but it is believed to be underdiagnosed (3) . There is increasing interest in the application of molecular techniques for the diagnosis of respiratory tract infections. Advantages of nonculture techniques include increased sensitivity and shorter turnaround time. We and others previously reported quantitative nasopharyngeal (NP) colonization density as a novel diagnostic tool for determining pneumococcal etiology in HIV-infected adults with pneumonia (4, 5) . Testing of sputum samples with quantitative PCR was initially reported with the less specific pneumococcal target ply (6) (7) (8) . Subsequently, the pneumococcus-specific gene target lytA in sputum samples was very sensitive in comparison to culture results in adult patients with pneumonia from New Zealand (9) . Most recently, Stralin et al. performed a direct comparison of sputum and nasopharyngeal aspirates using lytA and another pneumococcus-specific gene target (Spn9802) to identify pneumococcal pneumonia in Swedish adults with quantitative PCR (qPCR). In their study, sputum lytA qPCR had the best sensitivity and specificity with a cutoff value of 10 5 DNA copies/ml (10) . The prevalence and density of pneumococcal nasopharyngeal colonization vary with age, with HIV serostatus, and in different geographic areas (11) (12) (13) . It is unknown whether pneumococcal loads in sputum vary in different populations, as they have only been reported for adults in high-income countries. However, this information is essential if specific cutoff values are to be generalized for use as diagnostic tools.
In this study, we compared the diagnostic utility of lytA realtime PCR (rtPCR) from different qualities of induced sputum and nasopharyngeal swabs in adults hospitalized with pneumonia in South Africa. Since only 11% of those for whom HIV status was available were HIV uninfected (4), we focused primarily on HIVinfected patients in our analysis.
(This work was presented in part at the 52nd Interscience Conference on Antimicrobial Agents and Chemotherapy, San Francisco, CA, 2012.)
MATERIALS AND METHODS
Details of the studied patient cohort and applied standard microbiological methods were previously described (4). In brief, adult patients (age, Ն18 years) were enrolled on admission to Chris Hani Baragwanath Academic Hospital in Soweto, South Africa, for acute radiologically confirmed community-acquired pneumonia (CAP) between December 2005 and September 2007. Exclusion criteria included active tuberculosis and current tuberculostatic treatment. S. pneumoniae was identified from specimens (i.e., blood, sputum, nasopharyngeal swab) by traditional methods, including colony morphology, optochin susceptibility, and bile solubility. Sputum samples were cultured semiquantitatively by serial plating and scored 1ϩ, 2ϩ, or 3ϩ. The detection limit for pneumococcal culture was 100 CFU/ml. The immunochromatographic BinaxNOW S. pneumoniae test for pneumococcal C-polysaccharide was applied to unconcentrated urine according to the manufacturer's instructions.
NP swabs were obtained from a single nostril with Dacron swabs (Medical Wire and Equipment Co.), placed in 1 ml of skim milk, tryptone, glucose, and glycerin (STGG) medium, and stored at 4°C for Յ12 h before processing. Sputum was induced within 12 h of hospitalization. For this, patients were nebulized using 5 ml of sterile hypertonic (5%) saline via a jet nebulizer attached to wall oxygen at a flow rate of 3 to 5 liters/min. Nebulization was continued for 15 min or until all the solution was nebulized, whichever occurred first. Physiotherapy was performed on the patient's chest by percussion to optimize the mobilization of secretions. Sputum was assessed according to Bartlett's criteria and considered to be of good quality if there were Ͼ25 neutrophils and Ͻ10 epithelial cells per high-power field; otherwise, it was considered to be of suboptimal quality (14) .
Quantitative lytA rtPCR was performed on NP swabs and induced sputum by blinded study personnel as described previously (4) . For whole-blood testing, nucleic acids were extracted from 200 l of whole blood with the QIAamp DNA blood minikit (Qiagen, Netherlands) and eluted in 100 l of elution buffer. Five microliters of extracted DNA was then tested with a triplex rtPCR for pneumococcus (lytA), Haemophilus influenzae type b, and Staphylococcus aureus with the iQ Multiplex Powermix (Bio-Rad, USA).
The etiology was defined as pneumococcal if S. pneumoniae was detected by blood culture, whole-blood lytA rtPCR, the urinary BinaxNOW test, or sputum culture, if Gram-positive cocci were identified in pairs on Gram stain (composite diagnostic standard), or if any of the above tests or NP swab lytA rtPCR gave a result of Ͼ8,000 copies/ml (expanded composite diagnostic standard) (4).
Continuous variables were compared with 2-sided pooled t tests or the Mann-Whitney-Wilcoxon test, as appropriate. Pearson's correlation coefficient was used for correlations between log 10 -transformed 1-step lytA counts from induced sputum and from NP swabs and for comparisons between different qualities of sputum samples. P values of Յ0.05 were considered significant. Paired t tests were used to compare lytA rtPCR values from sputum and from NP swabs. The optimal cutoff value for the sputum lytA rtPCR was identified based on the best combination of sensitivity and specificity (Youden index) against the composite diagnostic standard. Diagnostic accuracy for detecting pneumococcal pneumonia was calculated with area under the curve receiver operating characteristic (AUC-ROC) curves. To assess the effect of immunological status on the quantitative lytA rtPCR from sputum and NP swabs, Spearman's correlation coefficient (for CD4 counts) and the Mann-Whitney-Wilcoxon test (for the presence or absence of antiretroviral therapy and co-trimoxazole) were used. Analyses were performed with SAS software version 9.2 (SAS Institute, Cary, NC, USA) and OpenEpi.
This study was approved by the ethics committees of the University of the Witwatersrand and Emory University. Each patient provided written informed consent.
RESULTS
Pneumonia was radiologically confirmed in 370 of 514 patients, 320 of whom had a known HIV status. Analyses were restricted to those 280 patients with CAP who were diagnosed with HIV infection, of whom 229 (81.8%) had an induced-sputum sample available for culture and Gram staining. A good-quality sputum sample was obtained from only 48 (17.1%) patients, and 201 (82.9%) patients had suboptimal sputum quality. Induced sputum from 222 (79.3%) patients was available for lytA rtPCR. Demographic data are presented in Table S1 in the supplemental material. The performances of the individual tests in those 222 patients are shown in Table 1 . The number of positive results from sputum Gram stain and culture for pneumococcus was significantly higher in patients with good-quality sputum than in patients with sputum of any quality or of suboptimal quality ( Table 2) . While there was still a trend for a higher number of positive results from good-versus suboptimal-quality sputum with lytA rtPCR, this trend was not significant ( Table 2 ). Qualitative lytA rtPCR was significantly more frequently positive than either positive sputum Gram staining or culture (66.7% versus 41.4%, respectively; P Ͻ 0.001) for suboptimal-quality sputum but not significant for good-quality sputum (69.1% versus 62.5%, respectively; P ϭ 0.26; Table 2 ).
Patients with a positive sputum culture had significantly higher genomic bacterial loads (lytA rtPCR) from sputum (for goodquality or suboptimal-quality sputum) than those with a negative sputum culture (P Ͻ 0.001, P ϭ 0.008, and P ϭ 0.002, respectively; Fig. 1 ). The mean pneumococcal density as measured by lytA rt-PCR was more than 1 log higher in patients with good-quality sputum than in those with suboptimal-quality or any quality sputum, both for patients with a positive pneumococcal sputum culture (7.9 versus 6.6 versus 6.9 log 10 /ml, respectively) and for patients without pneumococcus in the sputum culture (5.6 versus 4.1 versus 4.3 log 10 /ml, respectively). There was a good correlation between quantitative genomic bacterial loads (lytA rtPCR) from sputum and from NP swabs (r ϭ 0.68 and P Ͻ 0.001 for sputum of any quality; r ϭ 0.72 and P Ͻ 0.001 for good-quality sputum; r ϭ 0.68 and P Ͻ 0.001 for suboptimal-quality sputum) ( Fig. 2A to C). Overall and among patients with or without a pneumococcal etiology based on the composite diagnostic standard, there were no significant differences between quantitative lytA rtPCR values for sputum and NP swabs (P ϭ 0.76, P ϭ 0.85, P ϭ 0.81, respectively; Fig. 3 ). The optimal cutoff value for sputum lytA rtPCR was identified as 10,000 copies/ml. Using this cutoff value, good-quality sputum had a sensitivity of 78.1% and a specificity of 80.0% for detecting pneumococcal etiology (expanded composite diagnostic standard), while suboptimal-quality sputum had a slightly lower sensitivity (73.4%; see Table S2 in the supplemental material). The diagnostic performance of this sputum cutoff value in determining pneumococcal etiology was compared to that of the previously proposed cutoff value for NP swabs (Ͼ8,000 copies/ml for lytA rtPCR) against the composite diagnostic standard (i.e., without the lytA rtPCR Ͼ 8,000 copies/ml from NP swabs criterion) in the 222 patients who had both tests performed (4) . The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and additional yield over the composite diagnostic were similar for the sputum and the NP swab cutoff values regardless of whether any-quality, suboptimal-quality, or only goodquality sputum was assessed. Sputum of suboptimal quality resulted in a lower positive predictive value compared to that of good-quality sputum ( Table 3 ). The lytA rtPCR from good-quality sputum had a significantly higher PPV (P ϭ 0.004) but also a significantly lower NPV (P ϭ 0.015) than the sputum of suboptimal quality ( Table 3) .
The diagnostic accuracies (AUC-ROC) for lytA rtPCR were 83.2% for good-quality sputum, 79.9% for suboptimal-quality sputum, 80.4% for any-quality sputum, and 79.6% for NP swabs (see Fig. S1 in the supplemental material).
Of the 35 patients who were HIV uninfected and had inducedsputum and NP swab samples available for lytA rtPCR, the lytA rtPCR results from sputum were positive for 65.7% of them. Comparisons of lytA rtPCR results from sputum and NP swabs for HIV-uninfected patients are shown in Table S3 in the supplemental material. None of the variables examined (CD4 count, current antiretroviral therapy, and current co-trimoxazole prophylaxis) were significantly predictive of lytA copy numbers from sputum (r ϭ 0.05 and P ϭ 0.48, z ϭ 0.59 and P ϭ 0.56, and z ϭ 1.59 and P ϭ 0.11, respectively) or from NP swabs (r ϭ 0.05 and P ϭ 0.46, z ϭ Ϫ0.24 and P ϭ 0.81, and z ϭ Ϫ1.06 and P ϭ 0.29, respectively).
DISCUSSION
This study shows that pneumococcal genomic loads from induced sputum and from NP swabs had similar diagnostic accuracies of approximately 80% in diagnosing pneumococcal pneumonia in HIV-infected South African adults. lytA rtPCR performs slightly better on good-quality sputum specimens, which were obtained from only a minority of patients. The optimal cutoff values for sputum (10,000 copies/ml) and NP swabs (8,000 copies/ml) were almost identical and resulted in comparable diagnostic performances in detecting pneumococcal etiology in patients with pneumonia.
While the diagnostic accuracy of our optimal sputum lytA rtPCR cutoff value was 83% in patients with good-quality sputum, it was still lower than that recently published by Stralin et al. in a Swedish pneumonia cohort (10) . Of note, their optimal cutoff value was comparable to and only 1 log higher than ours and within the same range as that reported from a New Zealand study by Werno et al. (9) . The most likely explanation for this slight difference is the different patient populations and the sputum being induced in our study; however, differences in extraction and rtPCR methods (as described in reference 4) cannot be ruled out. A limitation of all these studies is that relatively few patients had good-quality sputum available, which reflects the difficulties not only in clinical practice but also during research studies to obtain sufficiently good-quality sputum from pneumonia patients. However, in our study, there was only a relatively small difference in the sputum lytA rtPCR performance between patients with good-quality sputum and those with sputum of any quality. The higher PPV and lower NPV of good-quality sputum compared to those of suboptimal-quality sputum indicate that the benefit of obtaining a good-quality sputum sample lies in more true positives at the cost of more false negatives. This observation of minor differences is therefore of practical importance, as it would also allow for the testing of suboptimal-quality sputum samples with lytA rtPCR to reliably diagnose pneumococcal pneumonia. One might speculate that without sputum induction, there would be an even greater proportion of patients with suboptimal sputum quality. Our results indirectly suggest that lytA rtPCR can be applied to those specimens as well, as shown by Stralin, who used expectorated sputum and likely had a higher proportion of suboptimal-quality samples (10) . We initially used NP swabs as a diagnostic tool to diagnose pneumococcal pneumonia, in part because of the ease of obtaining these noninvasive specimens and because many pneumonia patients have a dry cough and are unable to produce sputum. Musher et al. demonstrated that 31 of 105 patients with pneumococcal pneumonia were unable to provide a sputum sample, and the delivered specimens from another 15 patients were inadequate by their criteria (15) , resulting in 56% with adequate sputum samples, which is still higher than the proportions in our and Stralin's studies.
Reasons for the worse performance of the sputum and NP assays in our study compared to that in Stralin's study may relate primarily to the study populations; our patients were young (mean age, 36.5 Ϯ 9.7 years) HIV-infected South African adults with a relatively higher mortality rate (13.3%) (4), and there was a high proportion of coinfections with Mycobac-terium tuberculosis (our unpublished data) in our study, whereas the Swedish population was much older (median age, 71 years) and had a lower mortality rate (2.6%) (16) . Interestingly, the poorer performance in our population was despite using induced sputum. In HIV-uninfected patients, the lytA rtPCR results from sputum were positive in 65.7%, which was a proportion similar to that in HIV-infected patients. In HIVuninfected patients, lytA rtPCR results from sputum had a higher sensitivity but a lower specificity compared to those from NP swabs, but this comparison was limited by the small number of patients. A limitation is that the majority of the patients in our cohort were HIV-infected adults from a single site in South Africa. However, it is reassuring that other studies found similar cutoff values or performance of rtPCR in other HIV-uninfected adults (5, 6, 9) . As pneumococci are found in NP swabs from healthy young children with a higher frequency than in adults (11) , and although density was higher in radiologically confirmed pneumonia cases than in controls, no useful cutoff value was found for NP colonization density in Vietnamese children to use for diagnosing pneumococcal pneumonia (17) , so our results cannot be directly applied to children.
In addition, the optimal lytA rtPCR cutoff values for NP specimens differed in the two studies, with 8,000 copies/ml for NP swabs in our study (4) and 10 2 copies/ml for NP aspirates in Stralin's study (10) . Even though there might be some dilution with aspirates compared to swabs, this alone does not explain an almost 3-log difference in the cutoff values. However, a previous study by Stralin's group reported an optimal cutoff value of 10 4 copies/ml for the Spn9802 rtPCR from NP aspirates (5) . In addition, in our study, not only were the performances of lytA rtPCR from sputum and NP swabs comparable for identifying a pneumococcal etiology, but the optimal cutoff values were also very similar, and in individual patients there was a good correlation between sputum a Composite diagnostic standard: positive blood culture, induced-sputum culture or Gram stain, urine antigen, or whole-blood lytA rtPCR; for this comparison, the cutoff value of Ͼ8,000 copies/ml for NP swab lytA rtPCR criterion was not included in the composite diagnostic. b PPV, positive predictive value; NPV, negative predictive value; additional yield, 1Ϫspecificity (i.e., patients with sputum lytA rtPCR cutoff value of Ͼ10,000/ml or NPS lytA rtPCR cutoff value of Ͼ8,000/ml and a negative composite diagnostic standard represent false positives). and NP swab lytA rtPCR results. This suggests that, at least in our population, what specimen to choose might depend on the convenience of specimen collection. Due to the absence of accepted gold standards for pneumococcal diagnosis, the specificity of an assay is difficult to interpret. Instead, latent class analysis using multiple diagnostic tests (without molecular assays) has shown that the true pneumococcal etiology in adult pneumonia in Kenya was approximately 46% (18) , which is roughly the yield of our composite diagnostic (36.5%) plus lytA from sputum (total pneumococcal etiology, 58.7%) or NP swabs (total pneumococcal etiology, 56.8%). Therefore, we believe that these tests, rather than lacking specificity, indeed have an additional yield beyond the standard diagnostic tests.
In conclusion, our study generally confirms the very promising diagnostic value of lytA rtPCR from sputum but with slightly poorer diagnostic performance as reported by Stralin et al. Among HIV-infected South African adults, its performance varied little in relation to quality of the induced-sputum sample, which may make this test particularly appealing, not only for research studies but also for clinical routine, probably without the need for induced sputum. However, we also did not find it superior to lytA rtPCR from NP swabs, which might be an even easier specimen to collect and might provide similar performance as a diagnostic tool. Confirmation of our results should be sought in additional international pneumonia studies.
